Abstract Sequence analysis of the fusion (
One of the major threats to commercial and backyard poultry production throughout the world is Newcastle disease (ND), which is caused by Newcastle disease virus (NDV), a type 1 avian paramyxovirus (APMV-1). ND is included in the World Organization for Animal Health (OIE) list of notifiable disease (formerly list A). NDV is classified as a member of the order Mononegavirales, family Paramyxoviridae and genus Avulavirus [22, 23] . The virus has a negative-sense, non-segmented singlestranded RNA genome that consists of 15,586 nucleotides. The viral genome contains six genes that encode six structural proteins, including the nucleocapsid protein (NP), phosphoprotein (P), matrix protein (M), fusion protein (F), haemagglutinin-neuraminidase protein (HN) and large polymerase protein (L) [27] . Isolates of NDV are categorized into three pathotypes, namely velogenic (highvirulence), mesogenic (intermediate-virulence) and lentogenic (low-virulence), depending on the severity of disease caused by an isolate [6] .
Based on restriction fragment length polymorphism analysis and nucleotide sequencing of the fusion (F) gene, NDV strains have been classified into ten genotypes (I-X), with genotypes VI and VII being further divided into seven (VIa-VIg) and five (VIIa-VIIe) sub-genotypes, respectively [18, 32] . Genotype I consists of the avirulent strains of NDV, while viruses of genotypes II, III and IV were responsible for the first panzootics before the 1960s [7] . Genotype V was thought to be responsible for the second panzootics in the early 1970s, and genotype VI viruses caused the third panzootics in racing pigeons during the 1980s [9, 12] . Severe outbreaks in western Europe [20] , South Africa and southern Europe [11] , Taiwan and China [16, 17, 19, 34] since the early 1990s have been caused by the prevalent genotype VII (VIIa-VIId), constituting the fourth panzootic of ND. Genotype VIII has been found to cause enzootic infections in southern Africa and is thought to have originated from the Far East [3, 11] . Genotype IX viruses have been reported to cause sporadic ND infections in some regions of China [18] , whereas Tsai et al. [32] first demonstrated novel genotype X viruses in Taiwan.
In spite of the implementation of routine vaccination programs since the 1950s, ND has been endemic in 57% of the countries that raise poultry, while a further 23% have experienced one or several introductions of the virus [10] A two-step RT-PCR was carried out using a reverse transcription system (Promega, USA). A pair of primers, P203F and P734R, was used in the RT-PCR to amplify a 532-bp PCR product of the F gene (nt 203-734) [13] . The first-strand cDNA was synthesized in a 20-ll mixture containing 19 RT buffer (10 mM Tris-HCl, 50 mM KCl, 0.1% Triton X-100, pH 8.8), 0.5 lM each primer, 50-100 ng template RNA, 10 U recombinant RNasin ribonuclease inhibitor, 25 mM MgCl 2 , 1 mM dNTPs and 2 U AMV reverse transcriptase. The reaction mixture was incubated at 42°C for 45 min followed by inactivation at 99°C for 5 min before being chilled immediately on ice for 5 min. During the incubation on ice, a PCR mixture containing 19 RT buffer, 2.0 mM MgCl 2 , 0.5 lM each primer, 2.5 U of Taq DNA polymerase (Promega, USA) and 10 ll of cDNA mixture was prepared to a final volume of 50 ll. The final RT-PCR mixture was then subjected to 35 amplification cycles; denaturation at 94°C for 1 min, primer annealing at 55°C for 1 min and extension at 68°C for 1.5 min. A final extension was done at 68°C for 10 min.
The PCR products were sequenced using an ABI 377 automated sequencer (Applied Biosystems, USA) according to the manufacturer's instructions. Phylogenetic analysis was performed based on a variable portion of F gene at nt 206-507 (302 bp) that includes the F cleavage site. The nucleotide sequences were analyzed using BioEdit program version 7.0 and the Clustal W multiple alignment method. A phylogenetic tree was constructed by the neighbour-joining method using the MEGA program, version 4.0, with 1,000 bootstrap replications. Genetic distance was also calculated using the MEGA program, version 4.0. Thirty-nine previously reported NDV sequences representative of different genotypes were included for phylogenetic analysis (Table 1) . To further analyze the phylogenetic relationship between the local NDV isolates and other published NDV isolates from Indonesia and Singapore, a second phylogenetic tree was constructed by comparing the nucleotide sequences of the F gene from nt 206-421 (216 bp). A total of eight previously reported NDV isolates from Malaysia, Singapore and Indonesia were included for comparison. The GenBank accession numbers of these NDV isolates are: Cockatoo/14698/90 (AF288998), GIDCK943115 (AY175721), SGCK99061 (AY175775), SGCK99062 (AY135745), BMYBU87078 (AY175677), BMYCK82175 (AY175678), GMYDK97031 (AY175719) and FMYCK 83119 (AY175717). Figure 1 shows the results of the phylogenetic analysis of the eight Malaysian NDV isolates characterized in this study and 39 representative NDV strains from GenBank performed using the variable region of the F gene at nt 206-507 (302 bases). All of the NDV strains were distributed in ten distinct clusters corresponding to the different genotypes of NDV, I-X (Fig. 1) . The eight Malaysian NDV isolates characterized in this study shared a high nucleotide similarity (95.5-100%), and all of the isolates were grouped into genotype VIId, in which the nucleotide similarity between the new Malaysian isolates analyzed and other published genotype VIId viruses was 94.1-98.0%. The genetic distance of genotype VII from the other major genotypes (I-X) was 9.3-21.6%. The genetic distance was also calculated within genotype VII, where the sub-genotype VIId showed a close distance (4.8-7.0%) from VIIa, VIIc and VIIe but diverged from VIIb viruses by 7.8-11.7%. The phylogenetic tree showed similar tree topology with those in previous publications [17, 18, 32] . Specifically, the genotype VII viruses were divided into two major branches. The sub-genotype VIIe, VIId, VIIc and VIIa branched from the same lineage; however, the sub-genotype VIIb was in another branch. The eight Malaysian isolates were clustered in two distinct groups based on phylogenetic analysis, due to nucleotide substitutions among the isolates. Isolates MB091/05, MB093/05, MB095/05 and MB128/04 were grouped in same cluster, and isolates MB085/05, MB047/05, MB076/05 and MB064/05 were in another cluster.
Since no full-length sequence information on the F gene at nt 203-507 was available for the old Malaysian isolates or other NDV isolates from Singapore and Indonesia, further phylogenetic analysis was performed using the variable region of the F gene at nt 206-421 (216 bp), and the results are shown in Fig. 2 . The topology of the phylogenetic tree (Fig. 2 ) was in agreement with previous findings reported by Aldous et al. [5] . Two Malaysian isolates, BMYBU87078 and BMYCK82175, which were isolated in 1987 and 1982, respectively, were grouped in sub-genotype VIIb. However, another two isolates, GMYDK97031 and FMYCK83119, collected in 1997 and 1983, respectively, belonged to genotypes I and II, respectively [5] . The phylogenetic tree also showed that the isolate cockatoo/14698/90 from Indonesia was grouped in Fig. 1 Table 2 Unique amino acid substitutions in the F genes of NDV strains used in this study 
Based on data from eight NDV isolates in this study and 39 other published strains from GenBank. Deduced amino acid sequence alignment was done from residues 53-148 of the F protein of NDV. The consensus sequence is shown in the first row of the 112 R-R-R-K-R 116 ) at positions 112-116 of the F cleavage site. These three NDV isolates were isolated from village chickens in the different districts of Sabah, East Malaysia. The substitution of glutamine (Q) to arginine (R) at residue 114 is rarely found in all NDV pathotypes. Most of the published NDV isolates contain a glutamine (Q) at residue 114 as a dominant motif in NDV isolates [4, 5, 8, 31] . However, the replacement of glutamine (Q) by arginine (R) or lysine (K) has been documented in recent publications. The motif 112 R-R-R-K-R 116 was reported in recent Korean isolates by Kwon et al. [14] , whilst motif 112 R-R-K-K-R 116 has been reported in Japan [21] , Taiwan [17] and other European countries in pigeon-type APMV-1 (PPMV-1) [25, 30] .
Evolution of NDV from the most ancient genotypes (I-IV) to novel genotypes (VII-X) is a main concern in the control strategy for ND. Studies have showed that the virus evolved more rapidly after the second panzootics that started in the late 1960s, when vaccination with live virus was widely used [6, 34] . Recently, Qin et al. [28] analyzed the complete genome sequence of a velogenic NDV isolated from an egg-layer flock with NDV vaccine immunization failure in China. It was found that this virus has an F gene that is a recombinant between genotypes II and VII. Genotype VII viruses (VIIc, VIId and VIIe) have been reported to be predominant among NDV infections in China in recent years [18, 19] ; however, genotype II viruses include some of the most commonly used live vaccine strains such as LaSota and B1. Therefore, genotyping, phylogenetic characterization and viral genome sequence analysis provide valuable information for understanding the process of evolution of NDV.
It is worth pointing out that there are few reports on phylogenetic and genotypic characterization of Malaysian isolates. Most of the previous studies did not include a satisfactory number of NDV isolates from different time periods. Therefore, we cannot obtain a general picture of ND prevalence in Malaysia in the past decades. In this study, nucleotide sequences of eight Malaysian NDV isolates were compared to four published sequences from local isolates. Phylogenetic analysis of all of the Malaysian isolates showed that genotypes VIII, VII, II and I exist in Malaysia and have caused sporadic infections. Maizan et al. [24] characterized 11 Malaysian NDV isolates collected from ND outbreaks in 2000 and 2001 and found that all of the isolates belonged to genotype VII. Therefore, we speculate that ND outbreaks have been caused predominantly by genotype VII viruses in recent years. Phylogenetic studies are important for determining the global distribution of NDV genotypes and the epidemiological link between these viruses and, consequently, they contribute to the control and prevention of ND.
